Poor impulse control is associated with an increased propensity to develop an addiction and may contribute to relapse as high impulsive subjects appear to attribute greater salience toward drug-paired stimuli. In these studies, we determined whether trait impulsivity also predicts the desire to obtain natural reward-paired stimuli. Rats trained on the 5-choice serial reaction time task to measure impulsive action (Experiment 1) or a delay-discounting task to measure impulsive choice (Experiment 2) were separated into low, intermediate, or high impulsive action (L-IA, I-IA, H-IA) or choice (L-IC, I-IC, H-IC) groups. The motivation to obtain a conditioned stimulus (CS) paired with water-reward was subsequently determined by measuring responding for the CS as a conditioned reinforcer (CRf). Dopamine release in the nucleus accumbens was also measured using in vivo microdialysis. The effects of amphetamine were assessed on all tests. In Experiment 1, amphetamine increased impulsive action in all groups. L-IA rats initially demonstrated the highest responding for the CRf. Amphetamine increased responding for the CRf and this effect was augmented in L-IA rats. Dopamine release following amphetamine was greatest in L-IA subjects. In Experiment 2, amphetamine increased impulsive choice for L-IC and I-IC rats. However, all groups responded similarly for the CRf and dopamine release was moderately greater in L-IC rats. In conclusion, impulsive choice was unrelated to responding for a CRf. L-IA subjects initially attributed enhanced salience to a CS and exhibited greater dopamine release. Lower dopamine release in H-IA rats could result in reduced reinforcing properties of the CRf.
INTRODUCTION
Abnormally high levels of impulsivity-broadly defined as action without foresight-are associated with an increased propensity to develop an addiction and greater likelihood of relapse (Jupp and Dalley, 2014; Stevens et al, 2014) . Two main categories of impulsivity are impulsive action (an inability to refrain from making a prepotent motor response) and impulsive choice (an inability to wait for reward). Although they can be neuroanatomically and neurochemically dissociated (Pattij and Vanderschuren, 2008) , both forms of impulsivity are linked with addiction. For example, high impulsive choice (Perry et al, 2005) or high impulsive action (Dalley et al, 2007 , but also see Economidou et al, 2009 ) was associated with greater cocaine self-administration. However, only high impulsive action predicted enhanced self-administration of nicotine (Diergaarde et al, 2008) but not heroin self-administration (McNamara et al, 2010) . Therefore, although there is clear evidence of an impulsivityaddiction relationship, it may be influenced by the specific drug of abuse and type of impulsivity.
Stimuli associated with drug taking strongly influence drug-taking and drug-seeking behavior. Specifically, cigarette smoking is largely reinforced by cues directly associated with cigarette use (Caggiula et al, 2001; Rose et al, 2000) . Furthermore, exposure to drug-paired stimuli elicited craving and automatic drug-seeking responses in abstinent individuals (Tiffany and Carter, 1998; Volkow et al, 2006) . In preclinical research, addiction-related behavior can be studied using the self-administration procedure, during which animals make operant responses to receive drug infusions often paired with a stimulus (eg, light and/or tone). The influence of drug-paired conditioned stimuli (CSs) on behavior is then measured when animals respond only for the stimuli during extinction or subsequent reinstatement tests.
High impulsive choice-but not action-predicted greater responding following re-exposure to nicotine-paired cues during a reinstatement test (Diergaarde et al, 2008) . In contrast, rats with high levels of impulsive action responded more for a cocaine-paired stimulus following punishmentinduced abstinence (Economidou et al, 2009) . Likewise, high impulsive action was related to greater seeking responses directed at a sucrose-paired stimulus (Diergaarde et al, 2009 ). Notably, these preclinical studies demonstrated that poor impulse control is not necessarily an artifact of chronic substance abuse. In sum, although the relationship may be dependent on the specific drug of abuse, both impulsive action and choice are associated with the propensity to relapse due to the salience attributed to drug-paired stimuli.
The notion that impulsivity may influence the attribution of salience to stimuli (thereby promoting addiction maintenance and relapse), is derived from experiments that specifically focus on stimuli directly paired with selfadministered food or drug reward. It is not clear whether trait impulsivity predicts the attribution of salience toward all reward-paired stimuli. The present study determined whether different types of trait impulsivity predict the motivation to seek stimuli paired with a natural, not selfadministered reward. Findings from these experiments would demonstrate whether highly impulsive subjects exhibit a generalized impairment in over-attributing salience to stimuli.
In separate studies, animals were screened for trait impulsive action (Experiment 1) or choice (Experiment 2). Impulsive action was assessed by measuring premature responses on the 5-choice serial reaction time task (5CSRTT; Robbins, 2002) ; impulsive choice was indexed by a preference for a smaller, immediate reward over a large, delayed reward using a delay-discounting task (DDT) (Evenden and Ryan, 1996) . All rats were then exposed to repeated pairings of a water reward and a light-tone cue (ie, a CS). The salience attributed to the CS was determined by measuring responding for the CS as a conditioned reinforcer (CRf).
Compared with low impulsive subjects, dopamine (DA) D2 receptor density in the nucleus accumbens (NAc) was decreased in high impulsive action rats (Dalley et al, 2007) . Likewise, human subjects with high trait impulsivity, compared with control subjects, demonstrated decreased midbrain DA D2/D3 receptor binding (Buckholtz et al, 2010) and greater delay-discounting in pathological gamblers was also associated with decreased striatal DA D2/D3 receptor binding (Joutsa et al, 2015) . Furthermore, reduced electrically evoked DA in the NAc was observed in vitro in high impulsive choice and high impulsive action rats (Diergaarde et al, 2008) . However, it is unknown if trait impulsivity-action or choice-influences in vivo DA release.
Amphetamine is a monoamine releaser and transporter inhibitor, with a strong affinity for the DA transporter. DA also has an important role in both impulsive action and impulsive choice (Pattij and Vanderschuren, 2008; Robbins, 2002) . Additionally, direct infusion of amphetamine in the NAc increased responding for a CRf in control animals, but not in animals with depleted NAc DA (Olmstead et al, 1998; Taylor and Robbins, 1986) . We therefore examined the effects of amphetamine on both tests of impulsivity, responding for a CRf at baseline, during extinction, and reinstatement, and used in vivo microdialysis to measure DA release in the NAc.
MATERIALS AND METHODS

Subjects
Subjects were male Long Evans rats (Charles River Laboratories, St Constant, QC, Canada), weighing 275-300 g at the beginning of the study, pair-housed until surgery. Experiment 1 used 36 rats; Experiment 2 used 30 rats. Animals were food-restricted (85-90% of free-feeding weight) during impulsivity testing; otherwise food was freely available. Water was available ad libitum except during conditioned reinforcement testing, in which access was restricted to 2 h/day. Behavioral testing occurred 4-6 times per week. Colony rooms were maintained at 21°C under a 12 h light cycle (lights on at 0800 hours). Experiments were conducted in accordance with the Canadian Council of Animal Care, and the Centre for Addiction and Mental Health Animal Care Committee approved all protocols.
Impulsivity Testing
Descriptions of the operant conditioning chambers and protocol details are provided in the Supplementary Materials and Methods.
5CSRTT (Experiment 1). Briefly, rats initiated a trial by making a nosepoke response into the food tray. After a 5 s intertrial interval (ITI), one of five response holes along the opposite wall of the chamber was briefly illuminated. A response in this hole turned off the stimulus light, turned on the traylight, and delivered a pellet reward (45 mg, Bioserv, Flemington, New Jersey). A nosepoke into a response hole during the ITI was classified as a premature response (indicative of impulsive action; Robbins, 2002) .
Once performance was stable, rats were separated into high (H-IA, n = 9), intermediate (I-IA, n = 18), and low (L-IA, n = 9) impulsive action groups based on quartile analysis of the average percentage of premature responses across the last three baseline sessions. Quartile analyses was used as the number of premature responses made at baseline followed a continuum. Animals were then tested in two separate sessions with an increased ITI duration (7 s and 9 s). Rats then returned to the standard 5 s ITI program and received an injection of amphetamine (0, 0.15, 0.3, or 0.6 mg/ kg) before testing.
DDT (Experiment 2).
Each 56-min session consisted of 4 blocks of 12 trials (Zeeb et al, 2010) . The first 2 trials were forced choice, in which only one lever was extended. Both levers were extended for the following 10 trials. A trial began when the houselight turned on and lever(s) extended 2 s later. A response on one lever immediately delivered a small reward (1 pellet; 45 mg, Bioserv). A response on the opposite lever initiated a delay, after which 4 pellets were delivered. The delay to the large-reward began at 0 s and increased in 15 s intervals after each block of trials. Trials lasted for 70 s regardless of choice.
When choice preference was stable, animals were separated into high (H-IC, n = 13), intermediate (I-IC, n = 8), and low (L-IC, n = 9) impulsive choice groups based on the average preference for the large reward across the last three baseline sessions once the delay was introduced (ie, choice during block 2; Zeeb et al, 2010) . There was a clear distinction in choice of the large reward in block 2 between animals, therefore the following criteria was used: L-IC rats chose the large reward ⩾ 7 times, H-IC rats chose the large reward ⩽ 3 times, and the remaining animals were designated I-IC rats. Animals then received an injection of amphetamine (0, 0.15, 0.3, or 0.6 mg/kg) before testing. As these doses did not affect impulsive choice (Supplementary Figure S2 ), rats were subsequently challenged with two higher doses (0, 1.0, 1.5 mg/kg).
Responding for a CRf
One week after impulsivity testing finished, rats were trained to respond for a CRf in operant conditioning chambers different from those used for impulsivity testing. Additional details are described in Supplementary Materials and Methods. Rats first received 10 daily Pavlovian conditioning sessions. In each session, animals were exposed to 30 presentations of a 5-s CS immediately followed by delivery of 0.05 ml water reward. During the next phase, two levers (Experiment 1) or nosepoke ports (Experiment 2) were present. Responding on one lever/nosepoke port delivered the CS-now considered a CRf-according to a random ratio 2 schedule. Responses on the opposite lever/nosepoke port (NCRf) had no consequences. Levers/nosepoke ports were available throughout the 40-min session.
Responding for the CRf was measured across five baseline sessions. Rats then received an injection of amphetamine (0, 0.15, 0.3, or 0.6 mg/kg) before testing. Subsequently, animals were tested for three sessions (in which response rates did not significantly differ from the pre-amphetamine baseline session) before receiving six extinction sessions during which responding on either lever/nosepoke port had no consequence. The effect of amphetamine (0, 0.3 mg/kg) was tested over 2 additional extinction sessions followed by 2 'reinstatement' sessions, in which responding on the CRf lever/ nosepoke port again delivered the CRf.
In Vivo Microdialysis
See Supplementary Materials and Methods for additional details. Following conditioned reinforcement testing, H-IA, H-IC, L-IA, and L-IC rats were surgically implanted with a cannula aimed at the left NAc. After a recovery period (minimum of 5 days), probes (MAB 9.14.2; 2 mm membrane; Scientific Products, Toronto, ON, Canada) that traversed both the NAc core and shell sub-regions were lowered into the guide. Dialysate samples were collected every 10 min and analyzed immediately using highperformance liquid chromatography (HPLC) coupled with electrochemical detection. Once a stable baseline was detected, animals received an injection of saline and five samples were collected. Rats then received an injection of 0.3 mg/kg amphetamine and 12 samples were collected, followed by an injection of 0.6 mg/kg amphetamine and 15 samples were collected. Sample collection began immediately following an injection. DA concentrations were calculated as a percent change from baseline (Justice, 1993; Feenstra 2007) .
Rats were killed using an increasing concentration of CO 2 immediately following the microdialysis session. Brains were removed and post-fixed in a 4% formaldehyde solution, then transferred to a 30% sucrose solution. 40 μm sections throughout the NAc were stained with cresyl violet to verify the probe location (Supplementary Figure S5) . Amphetamine d-amphetamine sulfate (U.S. Pharmacopeia, Rockville, MD) was dissolved in sterile saline and administered intraperitoneally. Doses were calculated as a base. During behavioral testing, injections occurred 10 min before testing and test sessions took place twice a week, a minimum of 48 h apart. For impulsivity testing, at least one baseline session preceded an amphetamine test session. Doses were administered according to a Latin Square design. If saline and one dose were used, administration was counterbalanced across rats.
Statistical Analysis
Using SYSTAT for Windows (version 12.00.08), data were analyzed by a repeated-measures ANOVA with the Impulsivity group as a between-subjects factor. Withinsubjects factors included session, delay, dose of amphetamine, response (CS vs Pre-CS), side (CRf vs NCRf), or sample. Post hoc analysis was conducted using paired-sample t-tests to compare data within a group and two-sample t-tests to compare data between groups. A P-value of ⩽ 0.05 denoted significance. If a dose × side interaction was observed when animals were responding for a CRf, planned comparisons using paired-sample t-tests were performed within each group as we hypothesized that amphetamine would increase responding only on the active lever similar to previous research (eg, Browne et al, 2014; Robbins et al, 1983; Winterbauer and Balleine, 2007 ). An arcsine transformation was performed prior to statistical analysis of variables from behavioral testing expressed as a percentage to limit the effect of an artificially imposed ceiling (McDonald, 2014) .
RESULTS
Experiment 1
5CSRTT. Premature responding was significantly different between L-IA, I-IA, and H-IA rats ( Figure 1a ; impulsivity: F 2,33 = 60.061, Po0.001). These differences emerged during training and were stable (Supplementary Figure S1 ). Similar to previous research (Economidou et al, 2009 ), L-IA rats were more accurate on the 5CSRTT compared with I-IA and H-IA groups, however, the main effect of impulsivity just failed to reach significance (Supplementary Table S1 ; impulsivity: F 2,33 = 3.101, P = 0.06).
Compared with each group's own baseline, premature responding increased across all groups when the ITI increased to 7 s ( Figure 1b ; session: F 1,33 = 12.537, P = 0.001; session × impulsivity: F 2,33 = 1.499, not significant (NS)). When the ITI was 9 s, the increase in premature responding from baseline was smallest in H-IA rats compared with the L-IA and I-IA groups (session × impulsivity: F 2,33 = 3.763, P = 0.03; L-IA vs H-IA: F 1,16 = 4.22, P = 0.06, I-IA vs H-IA: F 1,25 = 7.013, P = 0.01). Furthermore, with a 9 s ITI there was no longer a difference between I-IA and H-IA rats (F 1,25 = 0.660, NS), indicating a potential ceiling effect. Amphetamine increased premature responding in all groups (Figure 1c -e; All groups, all doses: dose: F 3,99 = 77.919, Po0.001; dose × impulsivity: F 6,99 = 1.804, NS). Results from the other variables measured are in Supplementary Table S1 .
Responding for conditioned reinforcement. During Pavlovian conditioning, all groups responded minimally when the CS was absent and increased responding during CS presentation ( Figure 2a ; response: F 1,33 = 225.029, Po0.001; session × response: F 9,297 = 34.011, Po0.001; session × response × impulsivity: F 18,297 = 0.615, NS). The total number of responses made during these sessions and the latency to collect the reward also did not differ between groups (Supplementary Figure S3) .
When given the opportunity to respond for the CS (now a CRf), rats responded more on the lever delivering the CRf than the inactive, NCRf lever (side: F 1.33 = 46.698, Po0.001; side × impulsivity: F 2,33 = 1.849, NS). Interestingly, L-IA rats initially responded more for the CRf compared with I-IA and H-IA groups (Figure 2b ; session × side × impulsivity: F 8,132 = 1.986, P = 0.05). This effect was greatest during the second (impulsivity: L-IA vs H-IA: F 1,16 = 5.561, P = 0.03; L-IA vs I-IA: F 1,16 = 6.136, P = 0.02) and third (impulsivity: L-IA vs H-IA: F 1,16 = 3.891, P = 0.07; L-IA vs I-IA: F 1,16 = 4.881, P = 0.04) day of testing. There was no difference between the groups on the fourth or fifth day of testing, demonstrating that this was a transient effect.
Amphetamine selectively increased responding on the CRf lever (Figure 2c ; dose × side: F 3,99 = 24.548, Po0.001). L-IA rats demonstrated the greatest increase compared with both I-IA and H-IA groups, which exhibited similar response rates (dose × impulsivity-all groups: F 6,99 = 2.368, P = 0.04; L-IA vs I-IA: F 3,75 = 2.893, P = 0.04; L-IA vs H-IA: F 3,48 = 3.652, P = 0.02; I-IA vs H-IA: F 3,75 = 0.444, NS).
Across 6 days of extinction (no CRf delivery) responding decreased in all groups (Supplementary Figure S4) . During extinction, amphetamine increased responding on the lever that previously delivered the CRf (Figure 2d ; dose × side: F 1,32 = 23.910, Po0.001; dose × side × impulsivity: F 2,32 = 1.484, NS). However, results from planned comparisons revealed that this increase was NS in H-IA rats (Figure 2d ). During reinstatement (in which the CRf was again delivered response-contingently), amphetamine increased responding on the CRf lever (dose × side: F 1,32 = 6.494, P = 0.02; dose × side × impulsivity: F 2,32 = 1.251, NS), and analyses from planned comparisons determined that this effect was only significant in L-IA rats (Figure 2e) . Although there was a significant dose × lever interaction in the L-IA group (F 1,8 = 14.391, P = 0.005), responding increased on both the CRf and NCRf lever. Together, these results demonstrate that amphetamine increases the motivation to obtain the CRf and L-IA rats are more sensitive to amphetamine's effects.
Microdialysis. Similar to previous reports (Dalley et al, 2007) , there was no significant group difference in the concentration of extracellular DA detected at baseline (Supplementary Table S3 ). Amphetamine increased DA release in the NAc (sample-0.3 mg/kg: F 11,110 = 5.456, Po0.001; 0.6 mg/kg: F 14,140 = 8.774, Po0.001) and this increase was significantly larger for L-IA rats compared with H-IA rats (Figure 3a ; sample × impulsivity-0.3 mg/kg: F 11,110 = 1.948, P = 0.04; 0.6 mg/kg: F 14,140 = 1.846, P = 0.04).
Experiment 2
DDT. All rats discounted the large-reward option as the delay to receiving this reward increased, and H-IC rats demonstrated the steepest discounting rate (Figure 4a ; delay: F 3,81 = 179.843, Po0.001; delay × impulsivity: F 6,81 = 20.396, Po0.001). Amphetamine increased impulsive choice in L-IC and I-IC rats, but not H-IC rats (Figure 4b-d ; dose × impulsivity: F 4,54 = 5.577, P = 0.001; dose × delay-L-IC: F 6,48 = 3.753, P = 0.004; I-IC: F 6,42 = 2.359, P = 0.05; H-IC: F 6,72 = 2.138, NS). The lack of effect in the H-IC group may be partially caused by a ceiling effect, as these rats were already very impulsive. Results from the other variables measured during the DDT are in Supplementary Table S2 .
Conditioned reinforcement. Responses during the CS presentation increased across Pavlovian training and animals made few responses when the CS was absent (Figure 5a ; sessions 1-10, CS vs Pre-CS-response: F 1,27 = 125.588, Po0.001; response × impulsivity: F 2,27 = 0.453, NS). The total number of responses made and the latency to collect the reward also did not differ between groups (Supplementary Figure S3) . During tests of responding for the CRf, all rats preferentially responded in the CRf nosepoke port than the NCRf nosepoke port (Figure 5b ; side: F 1,27 = 53.603, Po0.001; side × impulsivity: F 2,27 = 0.901, NS; session × side × impulsivity: F 8,108 = 0.948, NS). Amphetamine increased responding selectively in the CRf nosepoke port in all groups (Figure 5c : dose × side: F 3,81 = 13.728, Po0.001; dose × impulsivity: F 6,81 = 0.529, NS). Figure S4) . Amphetamine increased responding in the inactive CRf nosepoke port during extinction (Figure 5d ; dose × side: F 1,27 = 25.043, Po0.001; dose × side × impulsivity: F 2,27 = 1.019, NS) and in the again active CRf nosepoke port during reinstatement (Figure 5e ; dose × side: F 1,27 = 33.178, Po0.001; dose × side × impulsivity: F 2,27 = 1.769, NS). During the reinstatement test, . Planned comparisons demonstrated that responding significantly increased only in the L-IA group on both the CRf and NCRf levers; however, there was still a preference for the CRf lever over the NCRf lever. Data represent an average ± SEM. * indicates significant result from the paired-sample t-tests comparing saline and amphetamine within each group.
Animals comparably reduced responding during extinction (Supplementary
although there was a significant interaction between dose and side for both I-IC (F 1,7 = 27.179, Po0.001) and H-IC groups (F 1,12 = 23.996, Po0.001), additional analyses revealed a significant increase in both the CRf and NCRf nosepoke ports following amphetamine. Increased responding observed in L-IC rats just failed to reach significance (dose × side: F 1,8 = 4.471, P = 0.07).
Microdialysis. Amphetamine increased DA release in the NAc (Figure 3b ; sample-0.3 mg/kg: F 11,198 = 41.427, Po0.001; 0.6 mg/kg: F 14,210 = 56.255, Po0.001). Although there was no group difference in extracellular DA concentration following 0.3 mg/kg amphetamine, L-IC rats demonstrated moderately greater DA release in response to 0.6 mg/kg amphetamine (sample × impulsivity-0.3 mg/kg: F 11,198 = 0.346, NS; 0.6 mg/kg: F 14,210 = 1.933, P = 0.03).
DISCUSSION
Here, we demonstrated that reduced trait impulsive action, but not impulsive choice, shares a relationship with the ability of stimuli to support operant responding, likely through the acquisition of incentive/motivational salience. Trait impulsive choice did not predict responding for a CRf. However, subjects with low levels of impulsive action initially responded more for a CRf than either I-IA or H-IA action rats. The ability of amphetamine to enhance responding for the CRf was also greater for L-IA rats, especially following the 0.6 mg/kg dose. Moreover, L-IA rats were more responsive to amphetamine during extinction (when responses were not reinforced) and in a reinstatement test, when responding once again delivered the CRf. Consistent with these behavioral findings, L-IA rats demonstrated greater amphetamine-stimulated DA release in the NAc compared with H-IA rats.
The reward deficiency syndrome hypothesis of addiction suggests that, compared with healthy controls, addicted individuals experience less pleasure from reward which drives them to seek excessive amounts of reward (such as drugs of abuse, food, sex, gambling, and so on; Comings and Blum, 2000; Downs et al, 2013) . This hypothesis largely centers on reduced DA signaling following receipt of reward, generally attributed to decreased DA D2 receptors in the accumbens (Comings and Blum, 2000) . Interestingly, rats demonstrating high levels of impulsive action also have a decreased number of DA D2 receptors in the NAc (Dalley et al, 2007) . Additionally, in vitro studies have shown that, compared with low impulsive animals, reduced electrically evoked DA in the NAc core is observed in high impulsive choice and high impulsive action rats, whereas reduced electrically evoked DA in the NAc shell was only observed in high impulsive choice rats (Diergaarde et al, 2008) . Here, we provide direct evidence for reduced DA release in the NAc following administration of a rewarding drug (amphetamine) in H-IA and H-IC rats.
Similar to previous findings (Dalley et al, 2007) , DA levels at baseline did not differ between L-IA and H-IA groups. Therefore, underlying differences in trait impulsivity may not be related to basal extracellular levels of DA, but to mechanisms involved in DA release. If H-IA rats were in a reward-deficient state, we would predict that trait impulsivity would also be positively correlated with increased selfadministration of rewards. This is certainly the case in some situations (Dalley et al, 2007; Diergaarde et al, 2008 Diergaarde et al, , 2009 ), but not others (Economidou et al, 2009 ; McNamara et al, 2010), in addition to responding for the CRf in the present study.
Drug or food self-administration studies have shown that rats with high levels of impulsive action make more seeking responses, demonstrated by heightened responding for reward-paired stimuli in absence of food or drug reward (Diergaarde et al, 2009; Economidou et al, 2009) . In the present study, all animals responded for the water-paired stimulus as a CRf, demonstrating that the CS acquired motivational salience and was reinforcing in the absence of primary reward. However, high impulsive subjects did not abnormally seek this secondary reinforcer; H-IA rats did not respond more for the CRf compared with L-IA or I-IA groups. Furthermore, the ability of amphetamine to enhance responding for the CRf was augmented in L-IA subjects, but not in H-IA rats.
It may appear counterintuitive that, compared with low impulsive subjects, high impulsive rats demonstrated increased seeking responses for reward-paired stimuli in selfadministration studies, yet did not respond more for the CRf here. However, this discrepancy could be accounted for by methodological differences. In the present study, animals were passively exposed to an identical number of stimulusreward pairings during Pavlovian conditioning; rats were then required to make a novel instrumental response to receive the CS as a CRf. In contrast, animals tested in a selfadministration paradigm actively respond for reward paired with a stimulus and make the same instrumental response during reinstatement tests. Therefore, seeking responses made during the reinstatement tests are influenced by the animals' previous association of this action and obtaining reward. Although stimuli paired with self-administered drug reward can support a new instrumental response and thus act as a CRf (Di Ciano and Everitt, 2004) , whether trait impulsivity influences such responding for a CRf following drug self-administration is unknown. These important distinctions suggest that fundamental differences exist between responding for a CRf previously paired with a natural, primary reinforcer (water) using Pavlovian conditioning and seeking responses made during reinstatement tests following self-administered reward.
The fact that H-IA or H-IC animals do not respond more for the CRf is puzzling, as high impulsivity is considered a risk factor for developing addiction and CSs invigorate craving and drug-seeking in addicts (Tiffany and Carter, 1998; Volkow et al, 2006) . A simple explanation could be related to the type of reinforcer used in the present study (water). The relationship between high impulsivity and CSs associated with natural reinforcers may differ from drugreinforcers. A more speculative explanation could be related to the CS. Similar to the cues used during self-administration studies in animals, the specific CSs which induce craving or drug-seeking in human subjects may be important in maintaining this relationship. If interaction with drugpaired stimuli directly lead to drug-intake in the past (eg, a lit cigarette, a pipe, and so on), then highly impulsive subjects may be more susceptible to those cues. However, similar to the CS in the present study, if the stimuli are only just associated with the drug reward (eg, the type of music playing during drug-taking), then high impulsivity may be less important. Future studies should be conducted to determine if the type of stimulus alters the relationship between impulsivity and drug-seeking and if addicts also have altered responses to non-drug-paired CSs.
Responding for a CRf can be used as a measurement of the amount of salience attributed to the CS. Using a different paradigm, interactions with a CS are recorded as a measurement of incentive salience (Robinson and Flagel, 2009 ). Similar to results presented here, levels of impulsive choice were similar between animals that primarily interacted with the CS (ie, sign-trackers) or those that primarily interacted with the reward receptacle (ie, goal-trackers; Lovic et al, 2011) . In contrast, sign-trackers were more impulsive on two measures of impulsive action: premature responses on a simplified 5CSRTT (a 2CSRTT) and responding maintained by a differential reinforcement of low rates of responding (Lovic et al, 2011) . However, a high degree of variance was noted; some sign-trackers were not very impulsive, whereas some goal-trackers were quite impulsive (Lovic et al, 2011) . In addition, the simplified 2CSRTT may not be as sensitive to attentional and impulsive processes considering the reduced number of potential options for the stimulus. Furthermore, the ability to interact with the CS (illuminated lever) in studies measuring sign-and goaltracking may influence the amount of salience attributed towards the CS (Meyer et al, 2014) . In the present study, interactions with the CS are less likely owing to the nature of the CS (light-tone). Nonetheless, as interactions with the CS were not recorded in the present study, it is unknown if H-IA rats in the present study were also sign-trackers.
The effect of amphetamine on delay-to-gratification was measured using a DDT (Experiment 2). Systemic administration of amphetamine increased impulsive choice (decreased choice of the large, delayed reward), similar to previous work (Cardinal et al, 2000; Evenden and Ryan, 1996) . However, decreased impulsive choice has also been observed following a systemic injection of amphetamine (eg, Floresco et al, 2008; van Gaalen et al, 2006; Wade et al, 2000; Winstanley et al, 2003) . The opposing effects of amphetamine on delay-discounting may depend on whether the delay was signaled with a cue. If a cue was present during the delay, amphetamine decreased impulsive choice, whereas if the delay was unsignalled (similar to the present study), amphetamine increased impulsive choice (Cardinal et al, 2000) .
In Experiment 1, the duration of time animals were required to refrain from responding on the 5CSRTT was increased by lengthening the ITI. Similar to previous research (Dalley et al, 2007; Economidou et al, 2009) , this manipulation increased impulsive action in all groups and H-IA rats maintained the greatest number of premature responses. Administration of amphetamine also increased impulsive action in all groups. Amphetamine increases the release of DA as well as norepinephrine and serotonin. However, blockade of the norepinephrine (Fernando et al, 2012) or serotonin (Baarendse and Vanderschuren, 2012) transporters reduced impulsive action on the 5CSRTT. In contrast, administration of a selective DA transporter blocker increased premature responding in low and high impulsive subjects (Fernando et al, 2012) . In addition, amphetamine's ability to enhance premature responding on the 5CSRTT is largely attributed to DA release in the NAc (Pattij and Vanderschuren, 2008; Pattij et al, 2007; Robbins, 2002) .
High impulsivity is an important risk factor for the development of addiction and increased relapse (Jupp and Dalley, 2014; Stevens et al, 2014) . Notably, human subjects with a very high familial risk for developing an addiction exhibited decreased DA release in the ventral striatum compared with control subjects following ingestion of a low dose of amphetamine (Casey et al, 2014) . In the present study, compared with L-IA rats, H-IA animals also demonstrated less NAc DA release following relatively low doses of amphetamine. Even though there was no apparent relationship between impulsive choice and responding for a CRf, compared with L-IC rats, H-IC rats also demonstrated decreased stimulated DA release (0.6 mg/kg dose only). However, a possible caveat is that the order of amphetamine injections was not counterbalanced during the microdialysis testing. Therefore, an increased effect following the 0.6 mg/ kg dose should be interpreted with caution. Nonetheless, blunted DA release in the ventral striatum-specifically the NAc-may not only indicate a lack of impulse control but could also suggest an increased risk of developing an addiction.
In summary, low impulsive action, but not impulsive choice, appears to predict enhanced responding for CRf, indicative of greater attribution of motivational salience toward the CS. This finding is supported by an initially greater rate of responding for the CRf in L-IA rats compared with I-IA and H-IA groups and augmented effects of amphetamine to enhance responding for a CRf. Consistent with our behavioral findings, amphetamine resulted in greater DA release in the NAc in L-IA rats compared with H-IA rats. Therefore, heightened impulsivity does not result in an abnormal attribution of salience to all CSs and reduced DA release in the NAc may be an important biomarker of heightened impulsivity.
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